Abstract-The effect of contrast adaptation on perceived contrast is assessed by contrast matching spatially adjacent sinusoidal gratings of similar spatial frequency, but different contrast and orientation. The main empirical question asked is why a high contrast orthogonal adaptor appears to amplify contrast signals through an increase in the slope of the contrast matching function but does not affect the threshold contrast at which a grating is detected. To explain this effect of adaptation, the Naka-Rushton receptor equation is employed as a description of the visual system's contrast response function. It is reported that the effects of adaptation may be described by three isotropic components, namely, signal ampli cation, division and addition, and one orientation speci c component of subtraction. By collating the predictions made by the Naka-Rushton receptor equation with existing psychophysical data, it is shown that the magnitude of the isotropic components of adaptation increase with the contrast of the adapting signal. The orientation speci c effect, however, is shown to saturate at relatively low adapting contrast levels. This saturation appears to be inconsistent with the commonly held view that the orientation speci c effect represents a functional strategy used by the visual system to combat the problem of neural saturation in response ring rates.
INTRODUCTION
When adapting to a high contrast sinusoidal grating and testing with the same stimulus type at a low contrast, the test grating's threshold contrast increases (Blakemore and Campbell, 1969; Snowden and Hammett, 1992) . The increase in threshold contrast is greatest when the orientation and spatial frequency of the adapting and test signal are equal but decreases as a function of the orientation and spatial frequency difference between the adaptor and test signal. This effect of contrast adaptation is an important tool that is exploited by psychophysical researchers to tease out the properties of the spatial frequency and orientation tuned mechanisms that are believed to process visual signals.
To explain the effect of adaptation for a parallel adaptor, Georgeson (1985) proposed a subtractive rule. Georgeson posited that any test contrast presented after adaptation behaves as if a proportion of the adapting contrast is subtracted from it. Electrophysiological evidence for Georgeson's subtractive rule is provided by Carandini and Ferster (1997) . Carandini and Ferster measured the membrane potential of simple cells in cat striate cortex. They reported that the d.c. response of a simple cell's membrane potential reduced as a function of the time average history of the input signal and that this reduction could be described by a subtractive rule.
Adaptation to a high contrast sinusoidal grating also reduces perceived contrast to supra-threshold sinusoidal test gratings (Blakemore et al., 1973; Snowden and Hammett, 1996; Ross and Speed, 1996) . However, the adaptive effects found for supra-threshold visual signals are different from those found near threshold because perceived contrast is reduced over a wide range of spatial frequencies and orientations. The broadband frequency effect of adaptation is interesting because it forces one to account for the effects of adaptation that extend beyond the range of the classical receptive eld. Heeger (1992 Heeger ( , 1993 ) has proposed a model with this capability. In Heeger's model, the response taken from a model neuron of the classical receptive eld is normalized by the summed responses of many model neurons (a pooling of model neuron responses) plus a semi-saturation constant. Heeger proposed that adaptation may be represented by an adjustment in the magnitude of the semi-saturation constant. The pooling in Heeger's model is taken across both orientation and spatial frequency. One prediction made by this model is that the effects of adaptation may be broadband and hence isotropic. Heeger's model has received widespread support because of the similarity that exists between his model and the Naka-Rushton (1966) receptor equation. The latter equation is frequently used to describe the responses of cells found in the extrastriate visual cortex of cat and monkey (Sclar et al., 1989; Carandini and Ferster, 1997) . Obviously, models of adaptation based upon a pooling of individual channel responses across different spatial frequencies and orientations would nd it dif cult to account for the orientation speci c effect of adaptation.
There is, however, a general disagreement amongst psychophysical researchers, in respect of the basic descriptions for the effects of contrast adaptation. Snowden and Hammett (1992) proposed a divisive rule for an orthogonal adaptor but a subtractive rule for a parallel adaptor. Ross and Speed (1996) rejected both the subtractive and the divisive hypothesis. Instead, Ross and Speed considered the possibility that the contrast response function of the visual system may be described by a Naka-Rushton receptor equation. With this model, they described the effects of both orthogonal and parallel adaptation by an increase in the magnitude of the exponent and the semi-saturation constant.
In Ross and Speed's (1996) study, they did not test their subjects near threshold contrast. This omission by Ross and Speed leaves one open question that cannot
